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20.  ABSTRACT  (Continued). 

placed  on  the  beach  at  the  natural  weathering  exposure  station  on  the  south  side 
of  Treat  Island  in  Cobscook  Bay.  The  beams  were  subjected  to  twice  daily  tidal 
cycles  exposing  them  to  wetting  under  considerable  head  and  drying  to  surface 
dry  conditions.  In  addition,  during  the  winter  months,  the  beams  were  subjected 
to  cycles  of  freezing  and  thawing  with  each  tide  when  the  air  temperature  was  at 
or  below  28°  F  (-2.2°  C).  The  beams  were  inspected  annually  during  the  exposure 
period  and  evaluated  by  a  team  of  inspectors  rating  the  degree  of  deterioration. 
Nondestructive  tests  were  also  performed.  Each  year  data  on  condition,  percent 
velocity  squared  (V^),  and  maximum  crack  width  were  collected., 

,  V 

The  data  which  were  generated  from  this  study  were  coded  ind  entered  onto 
the  WES  IBM  4331  computer  for  subsequent  analyses  using  the  Statistical  Analysis 
System  (SAS).  An  evaluation  of  the  results  of  these  analyses  indicates  that: 

a.  Beams  with  steel  in  the  bottom-as-cast  position  deteriorate  at  a  slower 
rate  than  do  beams  with  steel  in  the  top-as-cast  position  for  both  A  305-50T 
and  old-style  deformation  type,  and  beams  with  steel  in  the  bottom-as-cast  posi¬ 
tion  exhibited  smaller  average  maximum  crack  widths  (significant  at  the  50,000- 
psi  stress  level) . 

b.  A  305-50T  type  reinforcement  bar  deformation  exhibited  less  severe 
degradation  trends  than  old-style,  and  A  305-50T  deformation  type  exhibited  a 
significantly  larger  percent  than  did  old-style  deformation  at  the  50,000-psi 
stress  level. 

c.  As  stress  levels  increased,  the  conditions  of  the  beams  generally  de¬ 
creased  and  the  degradation  of  percent  Increased.  I'here  were  marked  increase 
in  maximum  crack  widths  from  the  40,000-  to  50,000-psi  stress  levels  for  all 
positions  and  bar  deformation  types. 

d.  The  more  severe  exposure  conditions  of  the  zero  stress  (control)  beams, 
i.e.,  partially  covered  with  sand  where  a  state  of  higher  saturation  was  main¬ 
tained,  probably  affected  some  anomalous  results.  Also,  the  early  failure  of 
some  50,000-psi  stress  level  beams  containing  reinforcement  bars  with  old-style 
deformations  and  the  subsequent  loss  of  incriminating  performance  data  affected 
some  anomalous  results. 
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The  statistical  analysis  reported  herein  was  performed  on  data 
collected  over  the  years  from  a  test  program  planned  by  the  Office, 

Chief  of  Engineers,  in  cooperation  with  the  Reinforced  Concrete  Research 
Council  of  the  American  Society  of  Civil  Engineers.  The  test  program 
forms  a  part  of  Civil  Works  Research  Work  Unit  010401/31276  and  was  ap¬ 
proved  by  the  Office,  Chief  of  Engineers,  in  2nd  indorsement,  dated 
17  Jan  1951,  to  basic  letter,  dated  7  Dec  1950,  subject:  "Reinforced 
Concrete  Beams  for  Tensile  Crack  Exposure  Tests,"  and  has  been  conducted 
by  the  Concrete  Technology  Division  (CTD) ,  Structures  Laboratory  (SL) , 
of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES). 

The  statistical  analysis  was  performed  as  a  part  of  Civil  Works 
Research  Work  Unit  31132,  "Field  Exposure  Durability  Studies."  Funds 
for  the  publication  of  this  report  were  provided  from  Civil  Works  Re¬ 
search  Work  Unit  31788,  "Special  Studies  for  Civil  Works  Structural  En¬ 
gineering  Problems,"  and  from  those  made  available  for  operation  of  the 
Concrete  Technology  Information  Analysis  Center  (CTIAC).  This  is  CTIAC 
Report  No.  59.  The  report  was  prepared  by  Mr.  Henry  T.  Thornton,  Jr., 
under  the  general  supervision  of  Messrs.  Bryant  Mather,  Chief,  SL,  and 
John  M.  Scanlon,  Chief,  CTD. 

Commander  and  Director  of  WES  during  publication  of  this  report 
was  COL  Tilford  C.  Creel,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 

_ Multiply _  By  _ To  Obtain _ 

Fahrenheit  degrees  5/9  Celsius  degrees  or  kelvins* 

feet  0.3048  metres 

inches  25.4  millimetres 

pounds  (force)  per  square  6894.757  pascals 

inch 

feet  per  second  0.3048  metres  per  second 


*  To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read¬ 
ings,  use  the  following  formula:  C  =  (5/9)(F  -  32).  To  obtain  kelvin 
(K)  readings,  use:  K  =  (5/9)(F  -  32)  +  273.15. 


has  been  in  use  by  the  U.  S.  Army  Corps  of  Engineers  since  1936.  Its 
location  makes  it  ideal  for  exposing  concrete  and  concreting  materials 
to  severe  natural  weathering.  Its  effect  is  to  provide  a  natural  field 
laboratory  where  no  size  limitation  is  placed  on  the  exposed  specimens. 
The  specimens  are  installed  at  mean-tide  elevation,  and  the  alternating 
conditions  of  immersion  of  the  specimens  in  seawater,  then  exposure  to 
cold  air,  provide  numerous  cycles  of  freezing  and  thawing  of  the  con¬ 
crete  during  the  winter.  The  effect  of  the  relatively  cool  summers  is 
to  lessen,  in  general,  autogenous  healing  and  chemical  reactions  in  the 
concrete . 

2.  In  winter,  the  combination  of  air  and  water  temperatures  cre¬ 
ates  a  condition  in  which  specimens  at  the  mean-tide  elevation  are  thawed 
to  a  temperature  of  about  37°  P"  when  covered  with  water  and  are  frozen 
to  temperatures  as  low  as  -10°  F  when  exposed  to  air.  A  recording  ther¬ 
mometer,  the  bulb  of  which  is  embedded  in  the  center  of  a  concrete  speci¬ 
men,  records  these  temperatures.  A  cycle  of  freezing  and  thawing  con¬ 
sists  of  the  reduction  of  the  temperature  at  the  center  of  a  concrete 
specimen  to  below  28°  F  and  the  subsequent  rise  to  above  28°  F.  During 
an  average  winter,  the  specimens  are  subjected  to  over  100  cycles  of 
freezing  and  thawing.  In  26  winters,  from  1953  to  1979,  the  number  of 
annual  cycles  ranged  from  71  to  185,  with  the  average  being  133. 

3.  There  are  currently  36  active  research  programs  in  progress 
at  Treat  Island  involving  the  exposure  of  some  1700  concrete  specimens. 
The  annual  testing  and  continuous  monitoring  of  these  programs  yield 
valuable  data  on  the  durability  and  performance  of  concrete  and  concret¬ 
ing  materials. 


A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI 
fmetric)  units  is  presented  on  page  3. 


PART  II;  SPECIMENS  AND  TEST  PARAMETERS 


Tensile  Crack  Specimens,  Series  B 

4.  In  November  1954,  76  reinforced  concrete  beams  were  installed 
at  half-tide  elevation  on  the  beach  at  Treat  Island  to  compare  the  rela¬ 
tive  resistance  to  weathering  of  highly  stressed,  reinforced-concrete 
beams  containing  (a)  reinforced  bars  deformed  to  conform  to  ASTM 

A  305-50T*  and  (b)  bars  with  old-style  deformations. 

5.  The  beams  were  7  ft  9  in.  long  and  were  made  of  air-entrained 
concrete  with  a  nominal  compressive  strength  of  2500  psi  at  28  days  age. 
All  of  the  beams  were  reinforced  with  rail-steel  bars;  38  beams  con¬ 
tained  reinforcement  bars  which  conformed  to  ASTM  A  305-50T  and  the 
remaining  38  beams  contained  reinforcement  bars  which  conformed  to  the 
old-style  deformations.  Of  these  76  reinforced  beams,  64  of  the  beams 
were  yoked  and  stressed  by  third-point  loadings.  The  loadings  ranged 
from  20,000  to  50,000  psi.  The  remaining  12  beams  were  designated  as 
controls  and  were  not  loaded.  Appendix  A  lists  these  specimens  and  gives 
their  exposure  records  along  with  other  pertinent  information. 

Inspection  and  Testing 

6.  From  1957  until  1979,  the  period  over  which  the  data  for  this 
analysis  were  collected,  the  relative  resistance  to  weathering  for  each 
of  these  76  beams  was  evaluated  annually.  Qualitative  measurements  per¬ 
taining  to  condition  were  recorded  along  with  the  quantitative  measure¬ 
ments  of  pulse  velocity  and  maximum  crack  width.  Due  to  some  midcourse 
corrections  and  the  lack  of  concomitant  data,  the  years  1966,  1967,  1973, 
and  1974  were  excluded  from  this  analysis. 

Visual  inspection 
and  condition  rating 

7.  All  exposed  specimens  are  inspected  visually  by  the  resident 

American  Society  for  Testing  and  Materials,  Book  of  ASTM  Standards 
(issued  in  parts),  revisions  issued  annually,  Philadelphia,  Pa. 
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contractor  each  week  during  the  period  that  f reezing-and-thawing  cycles 
occur,  usually  October  through  March.  The  condition  of  each  specimen  is 
recorded  on  an  inspection  form  which  is  forwarded  to  the  laboratory  along 
with  the  time-temperature  history  for  that  week.  The  inspection  form  is 
checked  for  noteworthy  changes  that  may  have  occurred,  and  the  number  of 
f reezing-and-thawing  cycles  that  occurred  during  the  week  are  taken  from 
the  time-temperature  history. 

8.  During  the  summer  of  each  year  an  inspection  and  testing  team 
from  the  Structures  Laboratory  (SL) ,  Waterways  Experiment  Station  (WES), 
visits  the  exposure  station  for  the  purpose  of  performing  the  annual  in¬ 
spection  and  testing  of  all  specimens  by  visual  and  other  n'^ndestruct ive 
methods.  During  this  annual  visit  photographs  are  taken  •  all  programs 
in  progress  with  special  emphasis  on  programs  of  particul.  nterest  at 
the  time,  and  of  any  specimens  exhibiting  significant  or  rdinate 
deterioration . 

9.  At  the  same  time  during  the  data  collection  period  (1957-1979), 
four-man  rating  team  consisting  of  representatives  from  WES  and  the  Offic 
Chief  of  Engineers  (OCE) ,  and  one  or  more  from  outside  government  com¬ 
pleted  condition  rating  forms  on  the  Tensile  Crack  Concrete  Beam  program. 
Each  beam  received  a  score  each  year  resulting  from  the  combined  rating 
forms  (see  example  of  form  below).  The  opinions  of  the  observers  were 
remarkably  concordant,  with  very  few  discrepancies  noted  over  the  years. 

Inspection  Sheets 

Formal  Inspection,  Treat  Island,  Maine 

Tens i 1 e  Crack  Exposure  Tests  Date  _ 

I nst  ruct ions 

1.  Insert  in  column  headed  "No.  of  transverse  cracks  with  spall¬ 
ing"  the  number  of  load  cracks  that  have  apparently  chipped  or  spalled 
subsequent  to  formation  when  beams  were  loaded,  that  now  have  places  in 
which  a  pencil  can  be  inserted  (about  1/4  in.  wide). 

2.  Measure  (Note)  the  total  length  of  cracking,  in  inches,  appear¬ 
ing  over  the  reinforcing  steel. 


3.  Measure  the  total  length  of  reinfo>-- _.„ent  that  can  be  se(>n 
through  cracks,  or  that  is  exposed  concrete  has  spalled  away 
from  it. 

.  Measure  the  total  length  of  cracking  bordered  by  iron  stain 
from  the  crack. 

5.  Estimate  the  total  area  of  visible  horizontal  and  vertical  sur¬ 
faces  of  concrete  that  have  scaled  and  make  a  check  under  the  most  appro¬ 
priate  heading  on  the  rating  sheet. 

Note:  Measure  to  -^l/4  in. 


Scoring : 


a.  Scoring  will  be  done  using  a  numerical  system  by  others  after 
the  inspection. 

b.  Score  of  zero  indicates  perfect  condition. 

c.  Light  scaling  scores  2,  medium  scaling  4,  heavy  scaling  8. 

d.  Numerical  score  =  sum  of  4  x  number  of  spalled  cracks  +  length 
of  cracking  over  steel  +  3  x  length  of  visible  steel  +  length 
of  cracking  over  steel  bordering  iron-stained  areas  +  appro¬ 
priate  score  for  scaled  area. 


10.  This  score  was  then  converted  into  a  numerical  condition 
rating.  The  general  conversion  scheme  is  shown  below: 

_ Condition  Score  Numerical  Rating 

Negligible  deterioration  0  100 

Slight  deterioration  4  75 

More  advanced  deterioration  104  50 

Advanced  deterioration,  usually 
with  considerable  exposure  of 

reinforcing  steel  129  25 

Disintegrated,  incapable  of 

carrying  load  629  0 

P uls e  velocity  tests 

11.  The  concrete  specimens  are  subjected  also  to  ultrasonic  pulse 
(,'el  'citv  tests  in  accordance  with  CR1)-C  51*  (.ASTM  C  597**  eacii  vear  durii 


*  d'l'S.  I'fiV.  Handboiik  for  C.om'rete  and  Cement,  with  t|uar(erlv  supple 
TiL-nts,  V  i  c  K  sbu  rti ,  ''liss. 


exposure,  unless  their  size,  shape,  or  exposure  condition  prevents.  The 

test  instrument  measures  the  time  of  travel  of  an  ultrasonic  pulse  through 

a  concrete  specimen.  From  the  travel  time  and  the  path  length,  values  for 

pulse  velocity  (V)  in  the  concrete  are  calculated.  The  square  of  the  veloc 

ity  thus  determined  is  expressed  as  a  percentage  of  the  square  of  initial 

2 

velocity  obtained  at  installation  (%V  ).  Example; 

=  pulse  velocity  in  a  certain  specimen  at  installation 
=  pulse  velocity  in  this  same  specimen  at  a  later  date 
Therefore 

%V^  (at  time  t)  = 

o 

Since  the  square  of  the  pulse  velocity  is  related  to  the  dynamic  Young's 

2 

modulus  of  elasticity,  the  %V  provides  an  alternate  or  supplementary 
parameter  by  which  the  progress  of  deterioration  caused  by  natural  weath¬ 
ering  can  be  monitored.  The  initial  velocity  (V^)  of  each  beam  was  mea¬ 
sured  in  1954  so  that  the  %V^  comparison  could  be  made  in  subsequent 
years.  However,  in  1955  and  1956  the  velocities  were  not  obtained.  For 
this  reason,  and  because  the  maximum  crack  width  measurements  were  not 
initiated  until  1957,  the  1957  velocities  were  used  as  initial  veloci¬ 
ties  and  the  statistical  analysis  was  performed  over  the  years  1957  to 
1979. 

Crack  width  measurements 

12.  Before  shipment  to  the  exposure  station,  beams  of  similar 
size,  with  similar  stress  in  steel,  and  of  similar  concrete  insofar  as 
possible  were  paired  and  loaded  with  third-point  flexural  loading  using 
spring  and  yoke  devices.  Nominal  loads  (stress  in  reinforcing  steel) 
were  20,000,  30,000,  40,000,  and  50,000  psi.  Cracks  developed  in  all  of 
the  loaded  beams  during  loading.  Beginning  in  1957  the  maximum  width  of 
cracks  in  the  beams  was  measured  annually  using  a  measuring  magnifier 
(least  reading  of  0.005  in.). 

13.  In  1963  after  nine  winters  of  exposure,  comparisons  were  made 
of  the  effects  of  the  variables  of  steel  stress,  position  of  steel  at 
time  of  casting,  and  type  of  steel  deformation,  using  condition  rating, 


%V  ,  and  maximuni  crack  width  as  quantitative  measures.  The  results  of 
these  comparisons,  as  reported  by  Roshore*  were  as  follows: 

Based  on  condition  rating-- 

The  order  of  durability  from  most  durable  to  least  durable  was 
zero  stress,  20,000-,  30,000-,  40,000-,  and  50,000-psi  stress. 

In  24  of  the  45  comparable  cases,  the  beams  containing  top- 
positioned  steel  exhibited  greater  durability  than  those  contain¬ 
ing  bottom-positioned  steel. 

In  29  of  the  50  comparable  cases,  beams  containing  steel  meeting 
A  305-50T  specifications  exhibited  better  durability  than  those 
containing  steel  with  old-style  deformations. 

Increase  in  crack  width  over  time  seemed  to  correlate  with  stress 
level,  i.e.,  crack  width  increased  with  increasing  stress  in  steel. 

2 

The  changes  in  %V  were  highly  variable  from  year  to  year  and  did 
not  correlate  well  with  results  of  visual  inspections. 

14.  The  objectives  of  this  long-term  study  were  multifaceted. 
Originally,  the  study  was  designed  to  evaluate  the  two  types  of  rein¬ 
forcement  bars  (A  305-50T  and  old-style  deformations),  the  five  levels 
of  stress  (0-,  20,000-,  30,000-,  40,000-,  and  50,000-psi  stress  levels), 
and  the  position,  as  cast,  of  the  steel  within  each  concrete  beam  (top 
and  bottom);  however,  subsequent  to  the  initiation  of  this  project  and 
with  respect  to  the  constraints  mandated  by  the  experimental  design,  the 
interactions  among  these  factors,  i.e.,  the  independence  of  factor  com¬ 
binations  and  the  prediction  of  the  measurable  response,  also  became 
paramount  to  the  successful  interpretation  of  the  relative  resistance  to 
weathering  of  these  concrete  beams. 


E.  C.  Roshore.  1964.  "Tensile  Crack  Exposure  Tests;  Results  of 
Tests  of  Reinforced  Concrete  Beams,  1955-1963,"  Technical  Memorandum 
No.  6-412,  Report  2,  U.  S.  Army  Engineer  Waterways  Experiment  Station 
CE,  Vicksburg,  Miss. 
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PART  III:  ANALYSIS  SYSTEM  AND  PROCEDURE 


Statistical  Analysis  System 

15.  The  Statistical  Analysis  System  (SAS)  is  a  commercially  avail¬ 
able  software  package  which  operates  on  an  IBM  or  IBM-compatible  computer. 
SAS  is  one  of  the  most  reliable  and  up-to-date  statistical  packages 
available.  Since  WES  has  an  IBM  4331  which  is  dedicated  to  SAS  usage, 
the  data  generated  from  this  study  were  keypunched  and  loaded  onto  a 

disk  file  associated  with  this  minicomputer. 

16.  The  analyses  provided  in  this  data  report  were  generated  by 
the  MEANS  procedure,  the  CORR  procedure,  and  the  ANOVA  procedure.  The 
MEANS  procedure  averages  the  replicates  in  each  treatment  combination. 

The  CORR  procedure  generates  the  correlations  between  the  quantitative 
variables,  and  the  ANOVA  procedure  generates  the  analysis  of  variance 
tables  and  subsequent  statistics. 

Statistical  Analysis  of  the  Variables  Condition 
Rating,  %V2,  and  Maximum  Crack  Width 

17.  The  data  which  were  generated  from  the  long-term  durability 
study  consist  of  four  descriptive  factors:  steel  position  (top  or  bot¬ 
tom  of  beam  as  cast),  steel  deformation  type  (old-style  or  A-305), 
stress  (20,000,  30,000,  40,000,  and  50,000  psi),  and  year  (1957-1979); 

and  three  quantitative  variables:  condition  rating,  percent  velocity 
2 

squared  (V  ),  and  maximum  crack  width.  The  original  plan  of  study 
called  for  four  repeated  measures  on  the  three  quantitative  variables 
for  each  treatment  combination,  i.e.,  position,  type,  stress,  and  year. 

18.  The  raw  data  of  this  study  were  coded  and  entered  onto  the 
IBM  4331  computer  located  at  the  WES.  The  data  had  on-line  availability 
for  subsequent  analyses  using  the  SAS. 

19.  The  analysis  approach  to  this  set  of  analyses  is  as  follows: 

2 

averages*  of  condition  rating,  %V  ,  and  maximum  crack  width  per 

*  Averages  were  used  because  the  SAS  program  cannot  perform  the  analysis 
of  variance  procedure  on  interaction  effects  if  an  imbalance  of  repli¬ 
cates  exists,  or  if  there  are  missing  replicate  values.  Both  of  these 
conditions  exist  in  these  data. 


1 


treatment  combination.  Correlation  analysis  by  position,  type  of  steel 
and  stress  for  condition,  percent  V^,  and  maximum  crack  width,  and  a 


four-factor  (position,  type,  stress,  and  year)  analysis  of  variance  for 
each  of  the  three  variables  with  subsequent  mean  separations  using  Dun¬ 
can's  Multiple  Range  Test  for  significant  main  effects,  and  either  John 
Tukey's  or  orthogonal  mean  contrasts  for  significant  interaction  effects. 

20.  The  assumptions  made  for  this  analysis  procedure  are: 

a.  The  errors  are  normally  distributed  with  a  population  mean 

of  zero  and  an  unknown  variance  of  . 

b.  The  effects  of  the  model  are  fixed. 

The  assumption  pertaining  to  the  normal  distribution  may  be  invalid;  how¬ 
ever,  the  analysis  of  variance  procedure  is  robust  with  respect  to  this 
assumption  as  long  as  the  within-treatment  variances  are  homogeneous.* 

21.  In  order  to  interpret  the  meaning  of  the  significant  differ¬ 
ences,  an  in-depth  multiple  comparison  of  the  pertinent  treatment  combi¬ 
nation  averages  was  performed.  For  the  significant  main  effects  the 
Duncan's  Multiple  Range  Test  was  used,  and  for  the  significant  interac¬ 
tion  effects  either  John  Turkey's  or  orthogonal  mean  contrasts  were  used. 
The  selection  of  the  latter  two  as  the  mean  separation  test  of  choice 
will  be  discussed  during  the  interpretation  of  the  germane  interaction 
effect.  For  an  in-depth  discussion  of  these  multiple  comparison  proce¬ 
dures,  reference  Principles  and  Procedures  of  Statistics*  by  Robert  G.  D. 


Steel  and  James  H.  Torrie  or  Statistical  Methods  by  George  w.  Snedecor 
and  William  G.  Cochran. 

Variable  condition 

22.  The  analysis  of  variance  (reference  Appendix  B)  for  the  vari¬ 
able  condition  indicates  that  the  effects  of  position,  reinforcement 
bar  deformation,  position  by  reinforcement  bar  deformation  interaction, 
stress,  position  by  stress  interaction,  reinforcement  bar  deformation  by 
stress  interaction,  position  by  reinforcement  bar  deformation  by  stress 
interaction,  year,  stress  by  year  interaction,  position  by  reinforcement 

*  R.  G.  D.  Steel,  and  J.  H.  Torrie.  1980.  Principals  and  Procedures 
of  Statistics:  A  Biometrical  Approach,  2nd  ed.,  McGraw-Hill. 

G.  W.  Snedecor  and  W.  G.  Cochran.  1979.  Statistical  Methods, 

6th  ed . ,  Iowa  State  University  Press. 


bar  deformation  by  year  interaction,  and  position  by  stress  by  year  inter¬ 
action  are  significant  at  the  0.05  level  of  significance. 

23.  For  the  second-order  interaction  effect  of  position  by  stress 
by  year,  it  appears  that  a  linear  degradation  trend  exists  for  both  top 
and  bottom  positions  at  stress  levels  0  and  20,000  psi;  however,  for 
stress  levels  30,000,  40,000,  and  50,000  psi,  departure  from  this  linear 
trend  exists  for  both  the  top  and  bottom  trends  (Figures  2-11). 

24.  For  the  second-order  interaction  effect  of  position  by  rein¬ 
forcement  bar  deformation  by  year,  the  assiunption  of  no  departure  from  a 
linear  degradation  trend  is  not  too  seriously  violated  (Figures  12-15); 
however,  it  is  apparent  from  these  figures  that  the  independence  assump¬ 
tion,  i.e.,  departure  from  parallel  response  relationships,  is  seriously 
violated.  An  in-depth  characterization  of  these  response  relationships 
indicates  that  for  the  A  305-50T,  the  top  position  degrades  at  a  faster 
rate  than  the  bottom.  The  same  trend  is  also  noticeable  for  the  old- 
style  reinforcement  bar  deformation. 


Figure  2.  Condition  average  over  reinforcement  types. 
Position,  bottom;  stress  0  psi 


igure  3.  Condition  average  over  reinforcement  types 
Position,  top;  stress,  0  psi 


YEAR 

1 

Figure  9. 

Condition 

average  over  reinforcement  types. 

Position, 

top;  stress,  40,000  psi 

-'O':  -; 

Figure  10.  Condition  average  over  reinforcement  types. 
Position,  bottom;  stress,  50,000  psi 
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Figure  13.  Condition  average  over  stress  levels 
Position,  bottom;  type,  old-style 


♦  ♦ 


Figure  15.  Condition  average  over  stress  levels. 
Position,  top;  type,  old-style 

25.  For  the  first-order  interaction  effect  of  stress  by  year 
Table  1  displays  the  pertinent  cell  means. 


Table  1 

Stress  bv  Year.  Condition  Ratines 


_ Stress  at _ 

0  20,000  30,000  40,000  50,000 

Year  (Control) 


79 

7 

79 

7 

71 

6 

71 

6 

63 

6 

(Continued) 


Table  1  (Concluded) 


Stress  at 


Year 

0 

(Control ) 

20,000 

psi 

30,000 

psi 

40,000 

psi 

50,000 

psi 

69 

58 

66 

65 

60 

51 

70 

58 

66 

64 

60 

50 

71 

57 

64 

63 

59 

49 

72 

56 

64 

64 

59 

49 

75 

46 

u3 

63 

58 

48 

76 

45 

62 

60 

57 

48 

77 

50 

60 

61 

59 

48 

78 

49 

62 

62 

60 

48 

79 

47 

59 

59 

59 

46 

26.  The  John  Tukey  w-procedure  was  used  to  compare  the  five  cell 
means  within  a  year  category.  This  multiple  comparison  procedure  uses 
the  error  mean  squares  from  the  analysis  of  variance  table,  the  number 
of  observations  within  each  cell  mean,  and  the  upper  percentage  points 
of  the  studentized  range  which  is  a  tabular  value  found  in  most  statis¬ 
tical  methods  tests.  The  w-procedure  utilizes  the  following: 

w  =  Q(t,df)V(error  mean  squares)/N 

where  Q(t,df)  is  the  tabular  studentized  range  value,  t  is  the  number 
of  means  being  compared,  and  df  is  the  degrees  of  freedom  of  the  error 
mean  squares.  It  was  found  that  the  critical  difference  among  five  means 
composed  of  four  observations  was  7.49.  Utilizing  this  critical  differ¬ 
ence,  one  may  readily  observe  that  the  stress  levels  20,000,  30,000,  and 
40,000  psi  behave  similarly  and  are  significantly  higher  than  the  stress 
levels  of  0  and  50,000  psi  which  behave  similarly.  The  zero  stress  level 
(control)  beams  were  not  kept  out  of  the  sand  (Figure  16)  as  were  the 
yoked  beams.  The  fact  that  drying  could  not  readily  occur  probably  ac¬ 
counts  for  the  poor  performance  of  the  control  beams  as  shown  in  Table  1. 

27.  For  the  second-order  interaction  effect  of  position  by  rein¬ 
forcement  bar  deformation  by  stress,  the  pertinent  cell  means  are  dis- 
p 1 ayed  in  Table  2 . 


»  • 
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Figure  16.  Zero  stress  (control)  specimens 
after  excavation  of  sand 


Table  2 

^ siti on  by  Re inforcement  Bar 
De f o rma t ion  by  Stres s,  Condition  Rati ngs 


Stress  at 

0 

20,000 

30,000 

40,000 

50,000 

(Control ) 

ps  i 

ps  i 

ps  i. 

Psi 

Bottom 

A  305- 5 OT 

66.30 

62.72 

70.92 

62.91 

60.01 

Old-Style 

55. 14 

70 . 93 

67.42 

66.70 

5  7.93 

Top 

A  305-50T 

61.05 

73.30 

65.24 

58.43 

64 . 30 

Old-Style 

59 . 33 

70.54 

66.97 

66.75 

43.91 

.18.  The 

.John  Tukey  w 

-procedure  was 

used  to 

simultaneously  r 

ompa  ro 

the  1  1 ve  re  1 1 

means  within 

position  and  re 

inforcement  deformation 

typi', 

anil  il  was  found  that  the  critif'al  difference  is  il .  44 .  This  in  essence 
means  that  if  any  two  cell  mean*,  within  the  position  and  deformation 
tvpe  differ  bv  more  than  5.44,  then  these  two  means  are  s  i  gn  H  i  c.i  n  t  1  y 


different.  Duncan's  Multiple  Range  notation  was  used  to  arrange  these 
means  in  the  following  order. 


30,000 

0 

40,000 

20,000 

50,000 

Bottom 

A  305-50T 

70.92 

66.30 

62.91 

62.72 

60.01 

20,000 

30,000 

40,000 

50,000 

0 

Old-Style 

70  93 

67.42 

66.70 

57.93 

55.14 

20,000 

30,000 

50,000 

0 

40,000 

Top 

A  305-50T 

73.30 

65.24 

64.30 

61.05 

58.43 

20,000 

30,000 

40,000 

0 

50,000 

Old-Style 

70.54 

66.97 

66.75 

59.33 

43.91 

Means  underscored  by  the  same  line  are  not  statistically  different;  the 
permutation  or  arrangement  of  the  cell  means  in  Table  2  exhibits  consis 
tent  patterns.  Resultant  from  this,  the  interaction  of  position  by  re¬ 
inforcement  type  became  significant  when  considered  by  stress  level. 

29.  Again,  the  poor  exposure  condition,  i.e.,  partially  covered 
with  sand  so  that  drying  could  not  readily  occur,  is  thought  to  account 
for  the  poor  showing  of  the  zero  stress  level  beams. 

30.  For  the  first-order  interaction  effect  of  reinforcement  bar 
deformation  type  by  stress,  the  pertinent  cell  means  are  displayed  in 
Table  3  and  graphically  in  Figure  17. 

Table  3 

Reinforcement  Bar  Deformations 
by  Stress  Levels,  Condition  Ratings 


_ Stress  at _ 

0  20,000  30,000  40,000  50,000 

(Control )  psi  psi  psi  psi 

A  305-50T  63.68  68.01  68.08  60.67  62.16 

Old-style  57.24  70.74  67.20  66.72  50.92 


31.  John  Tukey's  w-procedure  was  used  to  compare  the  five  cell 
means  within  deformation  type,  and  it  was  found  that  the  critical 


STRESS 


Figure  17.  Condition  average  over  years.  Reinforcement 
types,  old-style  and  A-305 

difference  is  2.28.  Therefore,  for  the  A  305-50T  reinforcement  bar  de¬ 
formation  type,  it  is  readily  seen  that  the  condition  ratings  of  the  con¬ 
crete  beams  show  a  significant  increase  from  the  0  stress  level  to  the 
20,000-psi  stress  level  which  is  similar  to  the  30,000-psi  stress  level, 
and  then  the  condition  decreases  from  the  20,000-  and  30,000-psi  stress 
levels  to  the  40,000-  and  50,000-psi  stress  levels,  which  are  also  simi¬ 
lar.  The  old-style  reinforcement  bar  deformation  exhibited  a  similar 
pattern.  Within  this  reinforcement  deformation  type,  the  condition  of 
the  concrete  beams  increased  from  the  0  stress  level  to  the  20,000-psi 
stress  level,  then  decreased  from  the  20,000-  to  the  30,000-  and 
40,000-psi  stress  levels,  which  were  similar,  and  then  exhibited  a 
marked  decrease  for  the  50,000-psi  stress  level.  It  is  also  worth  not¬ 
ing  that  for  the  A  305-50T  reinforcement  type,  the  0  stress  level  is 
similar  to  the  50,000-psi  stress  level;  whereas  with  the  old-style  re¬ 
inforcement  deformation  type,  the  50,000-psi  stress  level  was  signiti- 
cantly  smaller  than  the  0  stress  level.  In  fact,  it  displayed  an 
11.04  percent  decrease. 


32.  For  the  first-order  interaction  effect  of  position  by  stress 
the  pertinent  cell  means  are  displayed  in  Table  A  and  graphically  in 
Figure  18. 

Table  4 

Position  by  Stress,  Condition  Ratings 


Stress  at 


0 

(Control) 

20,000 

psi 

30,000 

psi 

40,000 

psi 

50,000 

psi 

Bottom 

60.72 

66.83 

69.17 

64.80 

58.97 

Top 

60.19 

71  .92 

66.11 

62.59 

54.11 

•ioo(  o«Mr  or  hcam 
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Figure  18.  Condition  average  over  years. 
Positions,  top  and  bottom 


33.  The  John  Tukey  w-procedure  calculation,  as  in  the  interpret. i 
tion  of  the  reinforcement  bar  deformation  type  by  stress  interaction, 
yields  a  critical  difference  of  2.28.  In  Table  4  similar  patterns  are 
exhibited  over  stress  levels  within  the  bottom  position;  the  condition 


ratings  of  the  concrete  beams  increase  from  the  0-  through  the  30,000-psi 
stress  level  and  then  decreases  from  the  30,000-psi  stress  level  through 
the  50,000-psi  stress  level,  with  0-  and  50,000-psi  stress  levels  exhib¬ 
iting  similar  condition  measures.  Within  the  top  position,  the  condition 
ratings  increase  from  0  to  20,000  psi  and  then  decrease  through  the 
50,000-psi  stress  level,  with  the  50,000-psi  stress  level  exhibiting  a 
significant  10.10  percent  decrease  from  the  0  stress  level. 

34.  For  the  first-order  interaction  effect  of  position  by  rein¬ 
forcement  bar  deformation  type,  the  pertinent  cell  means  are  displayed 
in  Table  5. 


Table  5 

Position  by  Reinforcement 
Bar  Deformation,  Condition  Ratings 


A  305-50T  Old-Style  _A_ 
Bottom  64.57  63.62  0.95 
Top  64.47  61.50  3.20 


35.  Orthogonal  contrasts  were  used  to  compare  independently  the 
cell  means  within  position;  the  critical  difference  is  0.77.  Hence,  it 
is  readily  seen  that  the  A  305-50T  reinforcement  bar  deformation  con¬ 
crete  beams  are  exhibiting  significantly  larger  average  condition  rating 
values  than  the  old-style  reinforcement  bar  deformation  concrete  beams. 

36.  For  the  main  effect  of  stress,  Duncan's  Multiple  Range  test 
produces  the  following  pattern. 

_ Stress  at _ 

20,000  30,000  40,000  0  50,000 

ps i  psi  psi  (Control )  psi 

69.38  67.34  63.70  60.46  56.54 

As  can  readily  be  seen,  all  stress  levels  are  significantly  different 
with  the  dominating  pattern  of  increasing  from  0  to  20,000  and  decreas¬ 
ing  from  20,000  through  50,000.  The  zero  stress  level  performance  is 


considered  to  be  anomolous  and  is  probably  the  result  of  the  more  severe 
exposure  conditions  mentioned  before,  i.e.,  being  partially  covered  with 
sand  so  that  drying  could  not  readily  occur  (Figure  16). 

37.  For  the  main  effect  of  reinforcement  bar  deformation  type,  the 
A  305-50T  exhibited  a  significantly  larger  average  condition  value  (64.52) 
than  the  old-style  (62.56).  Also,  with  the  main  effect  of  position,  the 
bottom  position  exhibited  a  significantly  larger  average  condition  rating 
value  (64.10)  than  the  top  position  (62.99). 

38.  Reference  Appendix  B  for  the  detailed  computer  analysis  for 
this  data  set. 

39.  For  the  response  variable  condition  rating,  the  data  from 
this  investigation  indicate  that  degradation  patterns  over  time  changed 
as  stress  levels  increased.  It  appears  that  a  linear  degradation  trend 
is  present  for  the  0-  and  20,000-psi  stress  levels;  however,  for  the 
30,000-,  40,000-,  and  50,000-psi  stress  levels  a  curvilinear  degradation 
trend  is  present.  Also,  it  appears  that  A  305-50T  reinforcement  bar  de¬ 
formation  type  exhibits  less  severe  degradation  trends  which  do  not  de¬ 
plete  as  rapidly  as  does  the  old-style  reinforcement  type. 

Variable  %V^ 

2 

40.  The  analysis  of  variance  for  the  variable  %V  indicates  that 
the  effects  of  reinforcement  bar  deformations,  stress  levels,  position 
by  stress  level  interaction,  reinforcement  bar  deformation  by  stress 
level  interaction,  position  by  reinforcement  bar  deformation  by  stress 
level  interaction,  year,  and  stress  by  year  interaction  are  significant 
at  the  0.05  level  of  significance. 

41.  For  the  first-order  interaction  effect  of  stress  by  year,  the 
pertinent  cell  means  are  displayed  in  Table  6.  All  stress  levels  dis¬ 
played  a  linear  degradation  trend  through  1972;  however,  an  increase  oc¬ 
curred  from  1972  through  1977.  Since  this  pattern  was  consistent  across 
all  stress  levels,  it  was  assumed  to  be  an  anomaly  within  all  data  sets, 
and  was  probably  due  to  either  operator  differences  or  instrument  changes 
or  both.  Regardless  of  the  reason  for  the  apparent  anomalies,  if  a  lin¬ 
ear  degradation  response  is  assumed  through  time,  then  from  the  graphs 


Table  6 


,2 


btress  by  Year,  XV 


(Rounded  to 

the  nearest  whole  percent) 

Stress  at 

0 

20,000 

30,000 

40,000  50 

,000 

Year 

(Control ) 

ps  i 

psi 

ps  i 

psi 

57 

100 

100 

100 

100 

100 

58 

102 

102 

103 

104 

102 

59 

96 

97 

98 

100 

95 

60 

99 

85 

84 

88 

78 

61 

105 

101 

96 

103 

96 

62 

100 

104 

99 

104 

96 

63 

73 

67 

67 

69 

69 

64 

80 

69 

65 

70 

70 

65 

61 

58 

51 

52 

51 

68 

56 

50 

48 

49 

42 

69 

25 

23 

22 

23 

18 

70 

39 

40 

36 

34 

30 

71 

35 

35 

34 

32 

27 

72 

30 

26 

27 

27 

20 

75 

60 

42 

42 

37 

24 

76 

61 

46 

46 

40 

34 

77 

59 

41 

44 

40 

29 

78 

35 

30 

35 

32 

21 

79 

50 

48 

46 

45 

34 

depicted  in  Figures  19-28,  one  readily  sees  that  the  least  squares  re¬ 
gression  equation  shows  a  more  rapid  degradation  process  the  higher  the 
stress  level.  It  is  this  departure  from  parallelism  which  is  generating 
the  significant  stress  by  year  interaction  effect. 

42.  For  the  second-order  interaction  effect  of  position  by  rein¬ 
forcement  bar  deformation  by  stress,  the  pertinent  cell  means  are  dis¬ 
played  in  Table  7. 

43.  To  interpret  the  cell  means,  John  Tukey's  w-procedure  was  used 
within  each  position  and  deformation  type  so  that  comparisons  across 
stress  levels  could  be  performed. 


Table  7 


Pos i tion 


Deformation  T\ 


Stress 


Stress  at 

0 

(Control ) 

20,000 

psi 

30,000 

psi 

40,000 
ps  i 

50,000 

psi 

Bottom 

A  305-50T 

66.34 

63.14 

62.04 

59.28 

55.11 

Old-Style 

64.27 

60.55 

60.97 

56.97 

58.90 

Top 

A  305-50T 

67.13 

60.18 

59.35 

60.73 

58.77 

Old-Style 

68. 16 

61.34 

58.26 

64.57 

45.49 

For  these  particular  cell 

.  means 

,  the  critical  value 

of  w  is 

4.79. 

This  value  of  w  produce 

IS  the 

following 

statistical 

patterns , 

0 

20,000 

30,000 

40,000 

50,000 

Bottom:  A  305-50T 

66 . 34 

63.14 

62.04 

59.28 

55.11 

Bottom:  Old-Style 

64.27 

60.55 

60.97 

56.97 

58.90 

Top:  A  305-50T 

67.13 

60.18 

59.35 

60.73 

58.77 

Top:  Old-Style 

68.16 

61.34 

58.26 

64.57 

45.99 

In  order  to  represent  the  last  category,  the  cell  means  must  be  reordered 
as  follows: 

0  40,000  20,000  30,000  50,000 

68.16  64.57  61.34  58.26  45.49 

Note:  Means  underscored  with  the  same  line  are  statistically  equivalent. 

44.  From  this  type  of  synopsis,  the  changes  in  the  significance 
patterns  are  readily  seen.  Since  these  changes  are  prevalent  in  this 
set  of  data,  the  interaction  term  became  significant, 
cell  means  one  would  conclude  the  following. 


From  this  set  of 


a.  For  the  A  305-50T  deformation  type. 

(1)  Within  the  bottom  position,  the  0  stress  level  has 

a  significantly  higher  than  the  50,000-psi 

stress  level;  furthermore,  the  20,000-,  30,000-, 
and  40,000-psi  stress  levels  yield  similar 
values . 

(2)  Within  the  top  position,  the  0  stress  1  eve  1  has  a 
significantly  larger  %V2  than  the  20,000-,  30,000-, 
40,000-,  and  50,000-psi  stress  levels  which  exhibit 
a  similar  %V^  pattern. 

b.  For  the  old-style  deformation  type. 

(1)  Within  the  bottom  position,  the  0,  20,000-,  and 
30,000-psi  stress  levels  exhibit  similar  values; 
however,  the  20,000-,  30,000-,  40,000-,  and 
50,000-psi  stress  levels  also  exhibit  similar  %V^ 
values.  Therefore,  the  primary  conclusion  would 

be  that  0  stress  level  produces  a  significantly 
larger  %V^  than  the  40,000-  and  50,000-psi  stress 
levels . 

(2)  Within  the  top  position,  the  pattern  is  more  complex 
however,  the  conclusions  that  the  0  stress  level  ex¬ 
hibits  significantly  larger  than  the  20,000-  and 
30,000-psi  stress  levels  and  that  the  20,000-  and 
30,000-psi  stress  levels  exhibit  significantly 
larger  than  the  50,000-psi  stress  level  can  be 
inferred . 

45.  For  the  first-order  interaction  effect  of  reinforcement  bar 
deformation  by  stress,  the  pertinent  cell  means  are  displayed  in  Table  8 
A  three-dimensional  block  chart  of  the  cell  means  is  presented  in 
Figure  29. 


Table  8 

Reinforcement  Bar  Deformation  by  Stress  Levels,  %V^ 


Stress  at 


Reinforcement 

0 

20,000 

30,000 

40,000 

50,000 

Type 

(Control ) 

ps  i 

ps  i 

ps  i 

A  305-50T 

66.88 

61.66 

60.94 

60.01 

56.94 

Old-Style 

66.21 

60.94 

59.61 

60 .77 

52.20 

D i f  f e  rence 

0.67 

0.72 

1  .  33 

-0.76 

4.  74 
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Figure  29.  %V  average  over  years  by  deformation  type 


The  multiple  comparison  procedure  known  as  orthogonal  comparisons  was  used 
to  determine  the  critical  difference  between  any  two  cell  means  within 
stress  levels;  the  critical  difference  is  1.81,  which  is  obtained  by 

Critical  difference  =  t(p,df)V(error  mean  squares)/N 

This  equation  is  used  for  independent  or  orthogonal  contrasts,  where 

tCp.df)  is  the  tabular  point  from  the  t-distribut ion  with  degrees  of 

freedom  (df)  and  confidence  level  (1  -  p).  N  represents  the  n...iiber 

of  observations  comprising  each  cel]  mean.  With  1.81  as  the  defined 

critical  difference,  the  only  significant  difference  occurs  at  the 

SO.OOO-psi  stress  level,  where  the  A  305-50T  reinforcement  deformation 

2 

type  exhibits  a  significantly  larger  %V  value  than  the  old-style  de¬ 
formation  type. 

46.  For  the  first-order  interaction  effect  of  position  by  stress, 
the  pertinent  cell  means  are  displayed  in  Table  9  and  are  graphically 
depicted  in  Figure  30. 


Table  9 

Position  by  Stress,  %V^ 


Stress  at 

Position 

0 

(Control) 

20,000 

psi 

30,000 

psi 

40,000 

psi 

50,000 

psi 

Bottom 

Top 

65.45 

67.64 

61.84 

60.76 

61.51 

58.80 

58.12 

62.65 

57.01 

52.13 

Difference 

-2.19 

1.G8 

2.71 

-4.53 

4.88 

• 

47.  The  absolute  critical  difference  for  this  set  of  cell  means 

is  1.81.  As  can  be  seen  from  Table  9,  it  can  be  concluded  that  at  the 

2 

0  stress  level  the  top  position  exhibited  a  significantly  larger  %V 

than  the  bottom  position;  no  significant  differences  are  exhibited  at 

the  20,000-psi  stress  level;  at  the  30,000-psi  stress  level,  the  bottom 

2 

position  exhibits  a  significantly  larger  %V  than  the  top  position;  at 
the  40,000-psi  stress  level,  the  top  position  exhibits  a  significantly 


larger  %V  than  the  bottom  position;  and  at  the  50,000-psi  stress  level 

2 

the  bottom  position  exhibits  a  significantly  larger  %V  than  the  top 
position . 

48.  For  the  main  effect  of  stress,  Duncan's  Multiple  Range  test 
indicates  that  the  0  stress  level  exhibits  a  significantly  larger  %V^ 
than  the  20,000-,  30,000-,  and  40,000-psi  stress  levels  which  in  turn 
are  significantly  larger  than  the  50,000-psi  stress  level. 


Stress  at 


0 

(Control ) 
66.55 


20,000  30,000 

psi  _ psi 

61.30  60.39 


40,000 
ps  i 

60.15 


50,000 

psi 

54.57 


Reference  Appendix  B  for  the  detailed  computer  analysis  of  this  data  set. 

49.  For  the  main  effect  of  reinforcement  deformation  type,  the 

2 

A  305-50T  deformation  type  exhibits  a  significantly  higher  %V  than  the 
old-style . 

A  305-50T  Old-Style 

61.24  59.95 

Reference  Appendix  B  for  the  detailed  computer  analysis  for  this  data  set 

2 

50.  For  the  response  variable  %V  ,  the  data  from  this  investiga- 

2 

tion  indicated  that  the  degradation  rate  of  %V  increases  as  stress 

levels  increase  (exhibited  by  the  significant  stress  by  year  interac- 

2  2 

tion);  the  mean  %V  averaged  over  time  indicated  that  the  average  %V 

decreased  as  stress  increased,  and  that  the  primary  difference  between 

the  A  305-50T  and  the  old-style  deformation  types  occurred  at  the 

50,000-psi  stress  level  where  the  A  305-50T  deformation  type  exhibited 

2 

a  significantly  larger  %V  . 

Variable 

maximum  crack  width 

51.  For  the  variable  maximum  crack  width,  the  0  stress  level  was 
omitted  due  to  the  absence  of  measurable  cracks.  However,  with  stress 
levels  of  20,000,  30,000,  40,000,  and  50,000  psi,  the  analysis  of 


variance  procedure  indicated  that  the  following  factors  were  significant 
stress  levels,  reinforcement  deformation  type  by  stress  interaction, 
position  by  reinforcement  deformation  type  by  stress  interaction,  year, 
and  stress  by  year  interaction.  Subsequent  analyses  of  these  signifi¬ 
cant  effects  are  described  below. 

52.  For  the  first-order  interaction  effect  of  stress  by  year, 
the  data  are  graphically  displayed  in  Figures  31-38.  From  these  plots 
it  is  readily  seen  that  maximum  crack  width  tends  to  increase  linearly 
with  age  for  the  stress  levels  of  20,000,  30,000,  and  40,000  psi;  how¬ 
ever,  for  the  50,000-psi  stress  level  there  is  definitely  a  nonlinear 
relationship.  Maximum  crack  widths  within  the  50,000-psi  stress  level 
group  display  a  fairly  smooth  linear  trend  until  1975,  and  then  a  more 
rapidly  linear  increasing  trend  through  1979. 

53.  For  the  second-order  interaction  effect  of  position  by  defor¬ 
mation  type  by  stress  level,  the  data  are  displayed  in  Table  10.  As  is 
readily  observed  from  this  table,  maximum  crack  width  displays  a  slight 
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Figure  31.  Maximum  crack  wicith  average  over  reinforcement 
types.  Position,  bottom;  stress,  20,000  psi 


Figure  32.  Maximum  crack  width  average  over  reinforcement 
types.  Position,  top;  stress,  20,000  psi 


Figure  33.  Maximum  crack  width  average  over  reinforcement 
types.  Position,  bottom;  stress.  30,000  psi 


Figure  36,  Maximum  crack  width  average  over  reinforcement 
types.  Position,  top;  stress,  40,000  psi 
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Figure  37.  Maximum  crack  width  average  over  reinforcement 
types.  Position,  bottom;  stress,  50,000  psi 


Figure  38.  Maximum  crack  width  average  over  reinforcement 
types.  Position,  top;  stress,  50,000  psi 


Table  10 

Position  by  Stress  by  Reinforcement  Bar  Deformation, 
Maximum  Crack  Width  (in.) 


Stress  at 


20,000 

30,000 

40,000 

50,000 

Position/Type 

ps  i 

psi 

psi 

psi 

Bottom 

A  305-50T 

0.01546 

0.02232 

0.03754 

0.12724 

Old-Style 

0.01809 

0.03559 

0.04586 

0.15217 

Top 

A  305-50T 

0.02066 

0.03072 

0.04855 

0.31664 

Old-Style 

0.02458 

0.03408 

0.06737 

0. 12395 

increasing  trend 

from  20,000 

to  40,000 

psi ;  however 

',  a  261 

average  percent  increase  occurs  from  the  40,000-  to  the  50,000-psi  stress 
level;  whereas,  a  152.98  percent  increase  occurs  from  the  20,000-  to  the 
40,000-psi  stress  level. 


54.  For  the  first-order  interaction  effect  of  reinforcement  bar 


deformation  type  by  stress,  the  pertinent  data  are  displayed  in  Table  11 
and  graphically  in  Figure  39.  Orthogonal  comparisons  were  made  of 

Table  11 

Reinforcement  Bar  Deformation  by  Stress  Level, 

Maximum  Crack  Width  (in.) 

_ Stress  at _ 

20,000  30,000  40,000  50,000 

Deformation  Type  psi  psi  psi  psi 

A  305-50T  0.01806  0.02652  0.04305  0.22194 

Old-style  0.02134  0.03484  0.05661  0.13806 
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Figure  39.  Maximum  crack  width  average  over  years  by 
reinforcement  type 

reinforcement  bar  deformation  types  within  stress  levels;  the  critical 
difference  in  maximum  crack  width  was  found  to  be  0.0544  in.  As  is  ob¬ 
served  from  Table  11,  the  onlv  difference  which  exceeds  this  critical 


difference  is  at  the  50,000-psi  stress  level  where  the  A  305-50T  rein¬ 
forced  concrete  beams  exhibited  a  significantly  larger  average  maximum 
crack  width  than  the  old-style  reinforced  concrete  beams.  One  (beam  149) 
of  the  four  beams  which  provided  data  for  the  top  position,  A  305-50T 
deformation  type,  50,000-psi  stress  level  treatment  combination  experi¬ 
enced  failure  of  one  of  its  two  reinforcing  bars  during  the  winter  of 
1973-1974  (see  Figures  40  and  41  and  Appendix  A).  The  loss  of  approxi¬ 
mately  one-half  of  its  tensile  load-bearing  capacity  resulted  in  the 


formation  of  a  very  large  transverse  crack  which  increased  in  width 
through  subsequent  years.  Beam  147,  one  of  the  four  data  sources  for 
the  top  position,  old-style  deformation  type,  50,000-psi  stress  level 
treatment  combination,  experienced  the  abrupt  failure  of  both  reinforcing 
bars  in  1968.  This  failure  completely  severed  beam  147  and  damaged  its 
companion  beam.  No.  148.  Consequently,  only  two  be.'tms  (151  and  152)  re¬ 
mained  for  data  collection  in  this  treatment  condition  (top,  old-style, 
50,000-psi  stress).  Because  of  the  relatively  early  failure  and 


Figure  41.  Close-up  of  beam  149.  Note  severed  rebar 


discontinuance  of  data  collection  on  beams  147  and  148,  these  data  were 
excluded  from  the  analysis;  whereas  beam  149,  having  experienced  partial 
failure,  continued  to  produce  crack  width  data  of  very  large  magnitudes. 
The  early  failure  of  the  old-style  beams  and  subsequent  loss  of  "incrimi¬ 
nating"  performance  data  from  the  analysis  seriously  affects  the  validity 
of  conclusions  that  might  be  drawn  on  the  basis  of  the  numbers  shown  in 
Tables  10  and  11  concerning  deformation  type  at  the  50,000-psi  stress 
leve  1 . 

55.  For  the  first-order  interaction  effect  of  position  by  stress, 
the  data  are  displayed  in  Table  12  and  Figure  42.  Since  these  means  are 
based  on  the  same  number  of  observations  (n  =  38),  the  critical  differ¬ 
ence  between  average  maximum  crack  width  within  stress  levels  remains  at 
0.0544  in  Consequently,  the  only  stress  level  exhibiting  a  difference 
larger  than  0.0544  in.  is  the  50,000-psi  stress  level  where  the  lo]'  posi¬ 
tion  exhibits  an  average  maximum  crack  width  ot  0.2203  in.  and  the'  bot¬ 
tom  position  exhibits  an  average  maximum  t  r.^ck  width  ot  O.l  i'i'O  in. 


Table  13 

Rein forcement  Bar  Def o rmation  by  Position, 
Maximum  Crack  Width  (in.) 


Bottom 


A  305-50T 
0.05064 
0.10414 


Old-Style 

0.06293 

0.06249 


in  the  previous  discussion  of  Tables  10  and  11,  it  is  felt  that  these 
numbers  do  not  represent  actual  performance  of  A  305-50T  deformation 
versus  old-style  deformation  considering  the  omission  of  the  early  fail¬ 
ure  of  old-style  beams  and  subsequent  loss  of  performance  data. 

57.  For  the  main  effect  of  stress,  the  pertinent  data  are  exhib¬ 
ited  in  Table  14.  Tukey's  w-procedure  was  used  to  compare  all  four 
means  simultaneously.  It  was  found  that  the  average  maximum  crack 
widths  for  stress  levels  20,000,  30,000,  and  40,000  psi  were  not  sig¬ 
nificantly  different;  however,  the  50,000-psi  stress  level  exhibited 
an  average  maximum  crack  width  which  was  significantly  larger  than  the 
20,000-,  30,000-,  and  40,000-psi  stress  levels. 

Table  14 
Stress  Levels, 

Maximum  Crack  Width  (in.) 


20,000 


0.01970 


30,000 


0.03068 


40,000 


0.04983 


50,000 

0.1800 


58.  For  the  response  variable*  maximum  crack  width  the  data  from 
this  investigation  indicated  that  maximum  crack  width  increased  linearly 
for  stress  levels  20,000,  30,000,  and  40,000  psi,  and  iionlinearly  for 
stress  level  50,000  psi.  Furthermore,  this  linear  trend  when  averaged 
over  time  showed  a  marked  increase  from  the  40,000-  to  the  50,(){)0-psi 
stress  level  for  all  positions  and  deformation  bar  types.  I'he  largest 


48 


increase  between  the  iJtOjOOO-  and  50,000-psi  stress  levels  occurred  for 
the  A  305-50T  deformation  type  with  the  top  position.  However,  it  is 
felt  that  the  old-style  deformation  type  would  have  shown  a  similar  trend 
if  data  from  the  beams  which  failed  had  been  included  in  the  analysis. 
Beams  with  the  A  305-50T  deformation  bar  type  displayed  smaller  maximum 
crack  widths  than  the  old-style  deformation  bar  type  for  stress  levels 
of  20,000,  30,000,  and  40,000  psi;  however,  the  opposite  was  true  for 
the  30,000-psi  stress  level.  Again,  this  reversal  in  trend  is  probably 
due  to  omission  of  performance  data  on  the  old-style  beams  which  failed. 

Linear  Models 


59.  Linear  regression  analyses  of  condition,  7oV  ,  and  maximum 
crack  width  were  done  for  each  combination  of  position,  stress,  and  re¬ 
inforcement  bar  deformation  over  time.  The  results  are  shown  in  Appen¬ 
dix  C.  The  correlation  coefficient  and  the  mathematical  equation  de¬ 
scribing  each  regression  line  are  given  for  each  combination  of  position, 
stress,  and  reinforcement  bar  deformation  over  time.  In  the  equations 

the  predictor  is  the  year  and  the  criterion  measures  are  condition  rating, 
2 

’4V  .  and  maximum  crack  width. 


PART  IV;  CONCLUSIONS 


60.  An  evaluation  of  the  results  of  the  statistical  analysis  leads 
to  the  following  conclusions: 

a.  Beams  with  steel  in  the  bottom-as-cast  position  deterio¬ 
rate  at  a  slower  rate  than  do  beams  with  steel  in  the 
top-as-cast  position  for  both  A  305-50T  and  old-style 
deformation  type,  and  beams  with  steel  in  the  bottom-as- 
cast  position  exhibited  smaller  average  maximum  riack 
widths  (significant  at  50,000-psi  stress  level). 

b.  A  305-50T  type  reinforcement  bar  deformat  loii  exhilMle.l 
less  severe  degradation  trends  than  old-sly 'e,  nu. 

A  305-50T  deformation  type  exhibited  a  s i gn i i i i a u t  1 \ 
larger  than  did  old-style  deformation  at  tlie 

50,000-psi  stress  level. 

c.  As  stress  levels  increased,  the  conditions  ot  the  beams 

—  -y 

generally  decreased  and  the  degradation  of  XM ^  increased. 
There  were  marked  increases  in  maximum  crack  widths  from 
the  40,000-  to  50,000-psi  stress  levels  for  all  positions 
and  bar  deformation  types. 

d.  At  the  50,000-psi  stress  level  the  A  305-50T  reinforced 
concrete  beams  exhibited  a  significantly  larger  average 
maximum  crack  width  than  the  beams  containing  old-style 
deformation  bars.* 

61.  For  further  clarification  of  some  apparent  anomalies,  it 
should  be  noted  here  that  the  zero  stress  level  (control)  beams  were 
more  difficult  to  support  than  the  yoked  pairs  (stressed)  of  beams. 
Consequently,  they  were  tossed  and  moved  around  during  winter  storms  and 
became  partially  covered  with  sand.  The  partial  covering  with  sand  dur¬ 
ing  most  of  their  exposure  time  affected  a  more  saturated  condition  of 
these  beams  which  resulted  in  inordinate  deterioration  due  to  freezing 
and  thawing.  It  is  felt  that  this  more  severe  exposure  condition  ad¬ 
versely  affected  the  performance  of  the  zero  stress  level  beams  as  re¬ 
flected  in  the  analysis  results  of  the  variable  ’’condition." 

As  previously  discussed,  it  is  felt  that  the  early  failure  of  one 
pair  of  old-style,  50,000-psi  stress  level  beams,  and  the  subsequent 
loss  of  "incriminating"  performance  data  seriously  affect  the  validity 
of  conclusions  (irawn  concerning  performance  ot  deformation  type  at  tlie 
50,000-psi  stress  level.  With  this  in  mind,  arul  in  view  of  conclusion 
f)  above,  the  data  seem  to  indicate  that  lieams  containing  bars  with 
A  305-50T  di-tormation  performeii  b<*lter  th.in  be.ims  rout;iiuing  old-style 
type  bars. 


{R»-vir.i'd  Aue  19^^) 
Table  1-TC-B 


I'ecfion  -■ 


Record  of  Observation  and  TestlnK-;  of  I^rge-beam  Tensile  Crack  ."ipecimens, 

Series  B,  _ (Installed  Nov  193^) 

Bca.'n  Row  1 

-  19^’19^K  ReWn^-s" _ 


iin  no 


Beam 

No. 

Nominal 

Stress 

psi 

Steel 

Posi¬ 

tion* 

Type** 

Steel 

Defor¬ 

mation 

0  Cycles,  195^ 

Cycles 

1953 

Condi¬ 

tion 

Cyc les 

1956 

Condi¬ 

tion 

'*5‘*  Cy  *lL-s 

,  1957 

525 

Cy^'les 

1956 

Condi  - 
tion 

F\iUe 

Veloc 

rps 

ad 

■Condi¬ 

tion 

0 

vr 

Max  Cr.'*  *k 
Widthf 
1/1000  in. 

l  on 

M.ax  Ira 

1'  IOjO 

83 

20,000 

B 

A-305 

Soiind 

10,890 

100 

100 

oi 

87 

173 

10 

173 

10 

3^ 

20,iXX) 

B 

A-305 

-jound 

11,150 

100 

loo 

91 

168 

5 

"•b 

I'^O 

10 

85 

20,000 

B 

OS 

Sound 

11,7  T 

100 

IC'O 

yo 

:-b 

157 

10 

15  3 

10 

86 

20,000 

B 

OS 

Sound 

11, 1*70 

100 

100 

87 

82 

170 

10 

155 

10 

87 

20,000 

B 

A-305 

Sound 

10,6'»0 

100 

100 

dC 

yb 

171 

iSj 

83 

20,000 

B 

> 

o 

Sound 

10/70 

100 

100 

76 

175 

10 

T 

200 

10 

89 

20, '000 

B 

03 

Sound 

11,255 

100 

iOO 

"7 

16.- 

10 

■7 

167 

10 

90 

20,000 

B 

OS 

Sound 

11,300 

100 

:co 

83 

lOv. 

10 

167 

10 

91 

30,000 

D 

A-305 

Sound 

11,5<*0 

100 

90 

yi'j 

Ibf 

10 

151 

15 

92 

30,000 

B 

a-305 

Sound 

11,51*0 

100 

100 

'X' 

*'2 

161 

10 

-•i 

166 

10 

93 

30,000 

B 

os 

Sound 

12,120 

100 

100 

87 

”-v 

151 

15 

So 

Ib2 

15 

9U 

30,000 

B 

03 

Sound 

11,605 

100 

100 

o7 

■  C 

lb  5 

20 

"0 

169 

95 

30,000 

B 

A-305 

Sound 

11,905 

100 

100 

db 

15b 

10 

10 

96 

30,000 

B 

A-305 

Sound 

11,195 

100 

100 

9C 

cr. 

162 

10 

•.:0 

17b 

10 

97 

30,000 

B 

03 

Sound 

11,385 

100 

100 

“r 

:'6 

152 

15 

' 

15b 

15 

98 

30,000 

B 

OS 

Sound 

11,  385 

100 

100 

OS' 

-e. 

-  J 

lb9 

20 

cy 

159 

20 

99 

Uo,000 

B 

A-305 

Sound 

10,290 

100 

100 

S3 

37 

190 

15 

8b 

•-•’02 

15 

100 

Uo,000 

B 

A-305 

Sound 

10,1*35 

100 

100 

88 

67 

190 

10 

188 

15 

101 

Uo,ooo 

B 

OS 

Sound 

10,1*00 

100 

98 

82 

62 

195 

15 

191 

20 

102 

i»0,000 

B 

03 

Sound 

10,1*55 

100 

100 

8b 

82 

167 

20 

-i 

293 

20 

103 

Uo,000 

B 

A-305 

Sound 

8,915 

100 

95 

33 

So 

223 

10 

7- 

.?bo 

20 

lOU 

Uo,000 

B 

A-305 

Sound 

8,585 

100 

Ob 

82 

78 

2bo 

25 

'  ■ 

..“t-7 

..15 

»-• 

o 

itO.OOO 

8 

OS 

Sound 

9,230 

100 

100 

86 

91 

2b6 

10 

2  <7 

20 

106 

Uo,000 

6 

OS 

Sound 

9,1*35 

100 

100 

80 

80 

236 

25 

<'3>- 

i-'' 

107 

50,000 

B 

A-305 

Sound 

10,310 

100 

100 

66 

80 

195 

15 

191 

108 

50,000 

B 

A-305 

Sound 

11,385 

100 

9& 

06 

rr 

lb? 

20 

y. 

109 

50,000 

B 

OS 

Sound 

8,915 

100 

91 

7b 

'/■*'. 

27b 

20 

2'-'’ 

110 

50,000 

B 

OS 

Sound 

10, 170 

100 

92 

IX 

■"A  1 

111 

50,000 

B 

A.305 

Sound 

9,130 

100 

OC) 

79 

7*‘ 

251 

20 

2- 

112 

50,000 

B 

A-30' 

Sound 

9,160 

100 

1S6 

■66 

7**  • ' 

113 

50,000 

B 

OS 

Sound 

8,850 

100 

9' 

70 

t>'* 

2b? 

25 

f- 

27'> 

LlU 

50,000 

B 

OS 

Sound 

8,525 

100 

iOC 

77 

77 

.?50 

id 

30 

115 

None 

B 

A-305 

Sound 

12,985 

100 

96 

d6 

r*. 

lu¬ 

1 

•22 

Il6 

None 

B 

A-305 

Sound 

13,015 

100 

100 

88 

ll’' 

1 11 

117 

None 

B 

A-305 

Sound 

13,21*5 

100 

100 

9b 

lib 

!) 

li’' 

15 

118 

None 

R 

OS 

Sound 

13,250 

100 

96 

76 

111 

7 

\  lb 

' 

119 

None 

B 

OS 

Sound 

13,130 

100 

’O'! 

91 

••'0 

119 

0 

1 1- 

120 

None 

B 

OS 

Sound 

13,185 

100 

100 

.Rh 

115 

■) 

11' 

121 

20,000 

T 

A-305 

Sound 

9,600 

100 

06 

■■7 

.:i? 

y. 

'  ‘ 

2 

122 

20,000 

T 

A-305 

Sound 

9,570 

100 

Oo 

c/f 

•t* 

-•37 

I'j 

123 

20,000 

T 

03 

Sound 

9,870 

100 

100 

86 

205 

i:> 

12U 

20,000 

T 

OS 

Sound 

9,675 

100 

loo 

Sb 

r*. 

216 

10 

,  •  1 

2' 

125 

20 , 000 

T 

A-305 

Sound 

12,960 

100 

ItO 

86 

86 

12' J 

15 

■'* 

,1-1 

T 

126 

20,000 

T 

A-305 

Sound 

13,l'3o 

10c 

1  ‘X'' 

'79 

rO 

122 

35 

1  ■’ 

127 

20,0CO 

T 

03 

Sound 

13,;' ‘5 

100 

ICX) 

9b 

90 

1.32 

10 

1 

i 

128 

20 , 000 

T 

(XI 

Sound 

13,015 

100 

Ux) 

02 

C'O 

135 

10 

1  • 

1  '■ 

129 

30,000 

T 

A-305 

Sound 

9,755 

100 

97 

8  < 

75 

-2b 

15 

130 

30,0'>1 

T 

A-305 

Soxui'i 

9,820 

I'.X) 

d  ** 

-30 

.■■O 

1  ' 

Ul 

30 ,  ooo 

T 

03 

Sound 

11,675 

100 

'-*b 

H 

?/■ 

136 

20 

7‘' 

1'  '■ 

132 

30 ,  nrjo 

1’ 

03 

:’ound 

11,675 

l:.>0 

r: 

1'.9 

30 

1 ' 

1 '  5 

T 

A- 305 

Sound 

13,070 

luo 

U5 

10 

1',' 

1  '5 

T 

A- 

S',  und 

100 

1*  K. 

. 

i-s: 

1‘ 

'•  1 

1 

T 

0.; 

Sound 

i;’,875 

I'SjO 

*  1  • 

;bi 

1- 

!■• 

1  •>' 

10/" 

'I' 

;■  jun-'j 

11,31*0 

1 

•’f . 

l---: 

!■» 

-  1 

;  ■ ' 

1  vr 

1*0.  0 

T 

A-  ■' 

Soruid 

10,'  1  * 

1 

► 


L®- 

^v'-; 

f.-  ■ 

I  “  -  *  *  ’ 


A2 


•'t.  ' 


.■  v_v  .-3 
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Table  l-TC-P  (roiicluded' 


iSSl  '.'yc  le;: ,  X  *' 
Ma/ 


.^Xi*)  Cyc  1 

Max 


OracK 

Cra.'k 

'ra  x 

CrH.-k 

C  ra‘; 

Nominal 

Steel 

Steel 

Con  - 

Width 

■■  n- 

Wi  ir.h 

•"on- 

Wi  ' 

ri- 

W .  1 '  r; 

‘I'l  - 

W  .  l‘.r 

Bean 

Stress 

Posi- 

Deforns- 

d  i  - 

l/ic«' 

di- 

j 

1/.  X'O 

L  /  i  '  1  '■ 

J :  - 

1/ :  ■ 

.1:  - 

!;o. 

psi 

tion 

maticn 

*  on 

in . 

t  i-,.n 

in. 

tiori 

? ;  I  r. 

1}L 

In . 

.  r; 

108 

80.000 

? 

A-305 

87 

7* 

4’^: 

; 

.’6 

45 

5'’ 

41 

4‘ 

y 

109 

80,000 

B 

06 

t'b 

14U 

C.'i 

t'*. 

5  ^ 

8'3 

At 

s#.:j 

(..c. 

'  ‘: 

tt 

110 

80,000 

c 

OS 

S5 

117 

•^.0 

Sf 

80 

85 

08 

5v 

• 

■n: 

-.u 

'.f. 

111 

50,000 

B 

A-305 

5  ^ 

■-'il 

80 

55 

52 

80 

86 

•9 

5'  ■ 

•  1 

■  j 

112 

50,000 

B 

A -305 

63 

93 

40 

63 

50 

45 

6d 

v». 

45 

t.-2 

■•1 

40 

6  3 

^5 

113 

50,000 

p 

OS 

4‘^ 

10  i 

b5 

49 

51 

88 

4P, 

92 

to 

ftt- 

,  ; 

..r 

..  , 

liu 

50,000 

B 

OS 

83 

lac 

ts 

52 

42 

65 

52 

6‘' 

50 

■  j 

r 

11b 

u'one 

p 

A-305 

89 

66 

0 

5-* 

26 

0 

5 '8 

45 

0 

‘  f-. 

39 

0 

‘ 

116 

r<’one 

p 

A-305 

tb 

58 

t.y 

•-’5 

0 

6-.' 

3  ft 

c 

^6 

-u 

■) 

117 

?;one 

P 

A- 105 

'.8 

f.r 

- 

65 

27 

0 

65 

4  3 

0 

'  ■' 

4  0 

n- 

118 

None 

B 

cs 

40 

U 

0 

I'i 

27 

0 

43 

43 

0 

44 

41 

11'^ 

None 

B 

OS 

82 

0 

83 

30 

0 

56 

49 

0 

5;.' 

47 

0 

•.  i 

.  1 

120 

None 

p 

OS 

-.4 

rv. 

0 

56 

27 

0 

86 

43 

0 

85 

41 

<•) 

.  -/ 

121 

20,000 

T 

A- 305 

•-'V 

n 

Ot 

74 

49 

25 

74 

79 

28 

71 

7’ 

jn 

7- 

Or 

122 

20,000 

T 

A-305 

82 

b*-! 

28 

70 

82 

30 

69 

81 

25 

67 

.'7 

20 

c<- 

123 

20,000 

T 

CS 

72 

ilu 

30 

61 

47 

35 

61 

76 

uo 

61 

7‘. 

,*• 

12U 

20,000 

T 

OS 

71 

111 

38 

68 

59 

40 

65 

9ft 

40 

65 

<*2 

4- 

i\ 

•  i 

128 

20,000 

T 

A-30t 

c4 

48 

20 

cO 

34 

20 

89 

89 

28 

58 

6-  ■ 

126 

20,000 

T 

A-3C8 

7? 

20 

77 

14 

25 

76 

60 

28 

77 

/> 

127 

20,000 

T 

OS 

76 

68 

10 

69 

28 

10 

70 

42 

10 

6ft 

' 

V,.- 

N" 

123 

20,000 

T 

OS 

6-'* 

s 

69 

27 

5 

70 

47 

10 

oft 

43 

1*. 

6  (' 

129 

30,000 

T 

A-305 

60 

20 

88 

80 

25 

88 

''7 

5  7 

"3 

7‘, 

•,t 

' 

-  . 

130 

30,000 

T 

A-305 

71 

b4 

3‘.- 

66 

48 

35 

68 

69 

3‘, 

6.:' 

6*-, 

7‘’ 

6  3 

'  u 

4“ 

131 

30,000 

T 

OS 

74 

86 

80 

73 

.14 

80 

74 

c  - 

/- 

80 

72 

47 

7v 

. 

■  ^ 

132 

30,000 

T 

OS 

61 

Bi* 

40 

6i 

38 

80 

61 

*^4 

80 

58 

bl 

■■•0 

5ft 

-0 

133 

30,000 

T 

A-3C5 

53 

45 

20 

63 

26 

25 

63 

44 

70 

61 

70 

6i 

.4.. 

3'.: 

134 

30,000 

T 

A-3O8 

66 

61 

28 

66 

28 

28 

66 

4"' 

25 

64 

45 

O*-- 

65 

65 

135 

30,000 

T 

■OS 

62 

83 

38 

61 

28 

30 

61 

44 

•0 

♦•1 

42 

<5 

f 

136 

30.000 

T 

oG 

68 

18 

63 

33 

30 

O'* 

2  b 

t  1 

4^* 

2*;. 

6i 

•  t 

1.37 

40,000 

T 

A-3O8 

51 

8--* 

70 

49 

tm 

70 

49 

tv' 

u: 

75 

U'. 

7  'i 

138 

40,000 

T 

A -.305 

87 

lot 

70 

86 

37 

70 

86 

tv 

-t 

‘■.t 

‘•,t. 

70 

56 

61.' 

139 

40,000 

T 

OS 

67 

92 

38 

67 

26 

40 

66 

39 

45 

f'6 

7ft 

4  b 

66 

j;. 

•*C 

lUO 

40,000 

T 

OS 

69 

82 

38 

70 

29 

40 

6ft 

«  5 

40 

4o 

40 

lUl 

40,000 

T 

A-305 

88 

99 

58 

84 

82 

88 

54 

91 

60 

5  ■ 

ft4 

to 

5.3 

tv 

6. 

1U2 

UO.OOO 

T 

A-305 

89 

111 

1.0 

88 

80 

85 

5'^ 

\- 

f>C- 

ft4 

t  b 

62 

5.> 

tv 

143 

40,000 

T 

os 

68 

116 

30 

64 

46 

38 

64 

’4 

tu 

71 

30 

t'-* 

61 

25 

lUl. 

uo.otx; 

T 

OS 

61 

118 

88 

6i 

81 

60 

hi 

20 

6b 

61 

n 

70 

61 

61 

60 

lUt 

50, coo 

T 

A- 308 

c8 

101 

68 

tt 

80 

?o 

^4 

•8 

C_». 

6b 

b.. 

t3 

f-O 

I4t. 

50,000 

T 

A -308 

fe'j 

08 

80 

81 

68 

58 

1*9 

116 

5-) 

4ft 

■36 

b5 

47 

58 

60 

147 

50.000 

T 

OS 

Fai 

Led§‘ 

lUr 

50.000 

T 

1 

Damaged  !| 

14  w 

'^O.'X'C 

? 

A-305 

68 

126 

48 

6.4 

50 

55 

6ft 

0  - 

6x0 

67 

■'*? 

85 

68 

6;., 

80 

It 

5  •: .  Cif.X' 

T 

A  -  5  05 

t5 

1**? 

80 

68 

62 

80 

64 

ft'l 

80 

fb 

fto 

50 

65 

‘■4 

80 

Itl 

'  2,'»' 

■" 

87 

79 

80 

88 

30 

80 

8'* 

40 

58 

57 

4‘. 

55 

57 

39 

1'  ;■ 

'  0.  ■''> 

T 

■'>0 

84 

UL 

80 

54 

40 

88 

54 

66 

58 

54 

67 

bO 

54 

3 1 

0 

i'  • 

"•  .me 

A  - 

..4 

72 

44 

30 

0 

46 

4ft 

0 

4  3 

0 

4:. 

It- 

A- ^  ■■■5 

'1 

..’■i 

0 

6:^ 

45 

0 

bs 

44 

0 

57 

.64 

1' 

*:cr,e 

7 

A  -  ■' 

61 

•j 

'u8 

40 

Ci 

6*> 

44 

(.^ 

*•  t. 

40 

0 

65 

2 

It'. 

N'.f.e 

T 

f. 

7“ 

Q 

'.n 

0 

63 

4' 

0 

> 

0 

At 

.35 

;  <= 

■  '  r;e 

T 

i' 

7  ' 

• 

6C 

2u 

0 

60 

46 

0 

5  A 

44 

0 

}_.  ■ 

0 

1‘  - 

'^ne 

: 

^2 

7 

lu 

51 

1- 

10 

8  3 

5. 

10 

52 

4' . 

V 

t.e. 

1.: 

Peajfl  failed  but  left  unaer  exposure. 

Damaged  when  bean  1^*7  failed,  but  ’"I't  under  exprrure. 
t*  SoT.e  p;lre  vf'lo-’.ty  r''a'tir.  T,  ■.  ta'.i.e  :  l  •  a'  i  1  are  •• 

test  equipment;  t'.e-e  rea;ir:'  an--  '  r.-  r'-l>'rf  :  *;  :a‘le 

##  A  pulse  velc-ity  read  i  r,:*,  war-  r '.'t  'f.i;:  .-p*--  . 


va\;i  !  .f-  to  the  power  I  i  tal  .  o:  of 


•'  •- 


r%- / 

-r. 
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Table  l-TC-B  (Continued) 


Cvc  1 

es.  1973 

2T6o  Cvcl 

es.  197** 

?87? 

Cycles 

.  19^^. 

?0iP 

c-yc;.,.  *;)•’ 

Max 

Max 

Max 

Max 

Type 

Crack 

Crack 

Crack 

Crack 

Nominal 

Steel 

Steel 

Con- 

Width 

Con- 

Width 

Con- 

Width 

Con- 

Width 

Beam 

Stress 

Posi- 

De for- 

dl- 

1/1000 

di-  ^ 

1/1000 

dl- 

i/iooo 

li- 

1/1000 

No. 

p3  1 

tion 

station 

tion 

tv^ 

ir. . 

tion  *V 

in. 

tion 

in . 

tion 

id 

In. 

83 

20,000 

B 

A-305 

59 

10 

53  ♦* 

5 

59 

7U 

10 

16 

66 

15 

8i* 

20,000 

B 

A- 305 

63 

10 

67 

10 

65 

67 

15 

6U 

7U 

25 

85 

20,000 

B 

OS 

72 

25 

71 

20 

71 

72 

25 

66 

73 

20 

06 

20,000 

B 

OS 

66 

20 

66 

20 

66 

66 

20 

63 

65 

20 

07 

20,000 

B 

A-305 

1*6 

15 

1*8 

15 

U5 

70 

20 

U7 

105 

20 

08 

20,000 

B 

A-305 

50 

10 

1*9 

15 

U9 

68 

20 

51 

69 

15 

89 

20,000 

B 

OS 

61* 

20 

66 

20 

65 

76 

25 

6U 

76 

2; 

90 

20,000 

B 

OS 

6l 

20 

60 

20 

60 

60 

30 

57 

97 

20 

91 

50,000 

B 

A-305 

69 

20 

68 

20 

67 

56 

30 

68 

55 

25 

92 

30,000 

B 

A-305 

67 

15 

66 

15 

66 

83 

20 

51 

80 

20 

97 

30,000 

B 

OS 

61* 

25 

66 

1*0 

61 

53 

35 

61 

53 

50 

9-* 

30,000 

B 

OS 

67 

55 

67 

70 

6U 

57 

70 

6l 

65 

70 

95 

30,000 

B 

A-305 

60 

20 

68 

15 

67 

78 

25 

62 

77 

25 

96 

30,000 

H 

A-305 

65 

20 

66 

20 

67 

.3 

25 

62 

80 

20 

97 

30.000 

B 

OS 

63 

1*0 

63 

30 

6l 

59 

50 

62 

58 

1*0 

90 

30,000 

B 

OS 

59 

50 

58 

50 

6o 

63 

50 

58 

62 

50 

99 

uo.ooo 

3 

A- 305 

59 

50 

59 

60 

59 

57 

50 

57 

58 

60 

100 

40,000 

P 

A-305 

58 

1*0 

56 

30 

57 

73 

50 

53 

71 

50 

101 

1*0,000 

B 

OS 

58 

60 

60 

70 

60 

53 

75 

58 

52 

75 

\Z2 

1*0,000 

B 

OS 

6l 

6o 

63 

60 

63 

Ub 

70 

59 

19 

100 

10? 

i*0,000 

B 

A-305 

50 

6o 

5X 

6o 

U8 

89 

60 

U7 

91 

60 

10** 

uo.ooo 

B 

A-305 

57 

60 

58 

50 

58 

76 

55 

57 

81 

55 

105 

**0,000 

B 

OS 

69 

50 

70 

50 

68 

110 

55 

61 

108 

70 

10< 

1*0.000 

B 

OS 

52 

50 

52 

50 

52 

63 

70 

U8 

66 

70 

107 

50,000 

B 

A-305 

51 

50 

51 

60 

51 

38 

55 

51 

38 

(1-in.  spall) 

108 

50,000 

B 

A-305 

55 

50 

52 

50 

5U 

37 

55 

57 

38 

(1/2- in.  spall) 

109 

50,000 

B 

OS 

66 

6o 

66 

70 

66 

62 

60 

6U 

126 

(1-1/2  Ul.  spall) 

110 

50,000 

B 

OS 

55 

6o 

55 

60 

53 

57 

60 

55 

100 

75 

111 

50,000 

B 

A-305 

51 

1*0 

50 

50 

51 

83 

50 

19 

92 

75 

U2 

50,000 

B 

A-305 

63 

6o 

6? 

70 

58 

7U 

60 

6l 

103 

75 

113 

50,000 

B 

OS 

1.0 

00 

16 

80 

U8 

75 

80 

U7 

76 

(l/l-in.  spall) 

111* 

50,000 

B 

OS 

51 

70 

52 

60 

52 

71 

75 

51 

138 

100 

115 

Non« 

B 

A-305 

63 

0 

57 

0 

56 

79 

17 

79 

Il6 

None 

B 

A-305 

65 

0 

58 

0 

77 

82 

55 

79 

117 

None 

B 

A-305 

1*3 

0 

15 

0 

18 

U2 

35 

U2 

118 

None 

B 

OS 

31* 

0 

35 

0 

38 

61 

35 

65 

119 

None 

B 

OS 

56 

0 

1*9 

0 

W 

UO 

50 

13 

120 

None 

6 

OS 

53 

0 

51* 

0 

18 

83 

52 

80 

121 

20,000 

T 

A-305 

71* 

30 

72 

25 

72 

97 

35 

72 

98 

25 

122 

20,000 

T 

A-305 

69 

20 

68 

15 

67 

90 

25 

69 

102 

30 

123 

20,000 

T 

OS 

6o 

50 

6l 

50 

60 

90 

50 

60 

103 

60 

1?** 

20,000 

T 

OS 

61. 

1*0 

61 

uo 

62 

86 

50 

61 

81 

50 

125 

20.000 

T 

A-305 

60 

25 

59 

20 

56 

55 

30 

57 

56 

30 

126 

20.000 

T 

A-305 

76 

25 

77 

25 

71 

57 

30 

75 

58 

50 

127 

20,000 

T 

OS 

65 

15 

67 

20 

66 

57 

20 

67 

56 

20 

128 

20,000 

T 

OS 

58 

10 

67 

10 

6U 

6l 

20 

68 

59 

15 

129 

30,000 

T 

A-305 

51* 

50 

52 

1*0 

5U 

75 

50 

52 

98 

50 

130 

30,000 

T 

A-305 

63 

50 

63 

50 

63 

TO 

6o 

6l 

m 

65 

131 

30.000 

T 

OS 

72 

6o 

72 

60 

70 

62 

70 

72 

62 

75 

132 

30,000 

T 

OS 

59 

60 

59 

60 

58 

71 

6o 

51 

83 

75 

133 

30,000 

T 

A-305 

60 

50 

6l 

50 

58 

83 

50 

57 

78 

50 

13l* 

30,000 

T 

A-305 

6U 

60 

6U 

50 

61 

60 

65 

62 

61 

75 

135 

30,000 

T 

OS 

61 

1*0 

6l 

UO 

61 

50 

UO 

6l 

16 

Uo 

136 

30,000 

T 

OS 

65 

20 

65 

30 

62 

82 

30 

63 

86 

30 

137 

1*0,000 

T 

A-305 

1*9 

00 

50 

70 

U9 

66 

85 

19 

67 

':-*0 

138 

1*0,000 

T 

A-305 

56 

75 

55 

00 

56 

68 

75 

55 

67 

75 

139 

1*0.000 

T 

OS 

66 

50 

65 

6o 

65 

92 

50 

61 

68 

50 

llto 

1*0,000 

T 

OS 

67 

1*5 

67 

Uo 

67 

65 

55 

66 

67 

60 

11*1 

1*0,000 

T 

A-305 

53 

6o 

53 

60 

52 

75 

60 

58 

105 

60 

1**2 

1*0,000 

7 

A-305 

53 

1*0 

59 

50 

5U 

70 

50 

6l 

86 

50 

1*1 

1*0.000 

T 

OS 

6** 

1*0 

63 

Uo 

62 

76 

50 

61 

llU 

75 

11.U 

**0,000 

T 

OS 

6l 

60 

6l 

70 

55 

72 

65 

59 

91 

'  1/ 4- i n .  5pal 1 ) 

1**5 

50,u00 

T 

A-305 

60 

00 

51* 

80 

52 

68 

8o 

5U 

U6 

125 

1**6 

50,000 

T 

A-305- 

1*6 

50 

1.8 

6o 

UU 

72 

70 

1*6 

81* 

80 

:'st  isfsi't' ry  pi'.r.p  velocity  rea'iir.^s  were  not  obtained  in  197  <  and  197**. 


A9 


(f-heet  8) 


•  1 


Beaa 

Mo. 

Noalnal 

Stress 

psi 

Steel 
?os  i- 

t  i  on 

Type 

Steel 

Defor¬ 

mation 

Con¬ 

dition 

Kax 

Crack 

Width 

1/1000 

in. 

Con¬ 

dition 

Max 

Crack 

Width 

1/1000 

in. 

Con¬ 

dition 

2/ 

Max 

Crack 

Width 

1/1000 

In. 

Con¬ 

di¬ 

tion 

ivf 

Max 

Crack 

Width 

1/LOOO 

in. 

lt*8 

50,000 

T 

OS 

#« 

Unloaded 

0i 

— 

_ 

— 

__ 

li*9 

^O.OO'I 

T 

A-  i0‘. 

V5 

G6 

5001 

61 

73 

500 

61 

100 

(4- in.  spa] 1  ) 

150 

50,000 

T 

A-  105 

65 

60 

65 

70 

62 

61 

70 

64 

104 

75 

151 

50,000 

T 

OS 

57 

70 

58 

70 

57 

62 

60 

56 

63 

,  1/2-in.  spal 1 ) 

15? 

50,000 

T 

OS 

51^ 

60 

51* 

55 

51 

52 

50 

53 

52 

50 

151 

None 

T 

A- 305 

kk 

0 

36 

0 

16 

50 

26 

52 

15‘4 

None 

T 

A-305 

55 

0 

5i» 

0 

% 

84 

55 

81 

155 

Hone 

T 

A-  J05 

76 

0 

65 

0 

61 

82 

65 

81 

156 

Mone 

T 

OS 

5? 

0 

27 

0 

25 

83 

22 

81 

157 

.None 

T 

OS 

5? 

0 

51 

0 

49 

83 

50 

90 

153 

None 

T 

OS 

51 

0 

50 

0 

50 

74 

51 

79 

(2- In .  epal 1 ) 

II48  50,000 
lU9  50,000 

150  50,000 

151  50,000 

152  50,000 

153  None 
15^  None 
155  None 
15^  None 

157  None 

158  None 


T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


OS 
A- 305 
A- 305 
OS 
OS 

A- 305 
A- 305 

•305 

OS 

OS 


1977-  Readings 


•  Ls.  l')77 

3?i«2  Cycles, 

.  1978 

3341  Cycles, 

.  1979 

Max 

Max 

Max 

Crack 

Crack 

Crack 

Con- 

Width 

Con- 

Width 

Con- 

Width 

di- 

1/1000 

di- 

1/1000 

di- 

1/1000 

tion  •f.V' 

in. 

tion 

in. 

tion 

in. 

6^  67  (U-in.  spall) 

63  65  75 

S’’  63  (5/8-ln.  spall) 

53  67  50 

29  53 

55  71* 

65  82 

23  82 

5^  80 

50  68 


62 

63 

1*5 

5** 

26 

61 

66 

23 

57 


50 

60 

32 

33 

35 
2lt 
53 

52 

28 

36 


(6-in.  spall)  61 

75  62 

(1-in.  spall)  i*5 

50  52 


19 

59 

65 

21 

U9 


93  (6-in.  spall) 

90  75 

5**  (1-in.  spall) 

96  50 

55  — 

52 

56 
82 

Ik  (2-in.  spall) 


T 


OS 


52 


(2-ln.  spall) 


50 


.6RIfcS 


Condition 


Position 

Type 
Reba  r 

Stress 

kips 

Correlation 

Coefficient 

Regression  1 

nation 

Bottom 

A-305 

0 

-0.95 

Condition 

166.42 

1.48 

Bottom 

A-305 

20 

-0.94 

Condition 

164.56 

- 

1.51 

Bottom 

A-305 

30 

-0.93 

Condition 

134.95 

- 

0.947  " 

Bottom 

A-305 

40 

-0.91 

Condition 

= 

140.37 

- 

1 .  15 

Bottom 

A-305 

50 

-0.79 

Condition 

122.14 

- 

0.919  " 

Bottom 

OS 

0 

-0.78 

Condition 

= 

132.39 

- 

1 .  14 

Bottom 

OS 

20 

-0.91 

Condition 

140.55 

- 

1.03 

Bottom 

OS 

30 

-0.83 

Condition 

122.70 

- 

0.82  '•  ' 

Bottom 

OS 

40 

-0.60 

Condition 

107.63 

- 

0.606 

Bottom 

OS 

50 

-0.75 

Condition 

= 

100.47 

- 

0.629  “ 

Top 

A-305 

0 

-0.95 

Condition 

156.23 

- 

141  "  Yi 

Top 

A-305 

20 

-0.83 

Condition 

117.27 

- 

0.65  ''  ’ 

Top 

A-305 

30 

-0.83 

Condition 

125.84 

- 

0.90  *  ' 

Top 

A-305 

40 

-0.71 

Condition 

106.36 

- 

0.709  '■ 

Top 

A-305 

50 

-0.90 

Condition 

= 

134.21 

- 

1 . 03  *  ' 

Top 

OS 

0 

-0.96 

Condition 

169.81 

- 

1.63  “  ' 

Top 

OS 

20 

-0.89 

Condition 

= 

139.14 

- 

1.02  "  ' 

Top 

OS 

30 

-0.88 

Condition 

= 

113.68 

- 

0.691  * 

Top 

OS 

40 

-0.88 

Condition 

= 

106.12 

- 

0.568  * 

Top 

OS 

50 

-0.93 

Condition 

= 

207.22 

- 

2.42  *  ' 

Percent 


Bottom 

A-305 

0 

Bottom 

A-305 

20 

Bottom 

A-305 

30 

Bottom 

A-305 

40 

Bottom 

A-305 

50 

Bottom 

OS 

0 

Bottom 

OS 

20 

Bottom 

OS 

30 

Bottom 

OS 

40 

Bottom 

OS 

50 

Top 

A-305 

0 

Top 

A-305 

20 

Top 

A-305 

30 

Top 

A-305 

40 

Top 

A-305 

50 

0.77  PCT  - 

0.85  PCT  - 

0.82  PCT  - 

0.86  PCT  - 

0.88  PCT  - 

0.82  PCT  - 

0.84  PCT  -  y‘z 

0.83  PCT  - 

0.85  PCT  - 

0.86  PCT  - 

0.80  PCT  - 

0.79  PCT  - 

0.81  PCT  - 

0.84  PCT  - 

0.88  PCT  -  y^ 


270.94  -  3.02  Ye 
299.35  -  3.50  Y« 
277.33  -  3.91  “  Y( 
312.28  -  3.75  *  Y« 
310.77  -  3.78  *  Y( 

269.71  -  3.04  "  Y( 
282.08  -  3.28  •'  Y( 
291.73  -  3.41  Y( 
299.03  -  3.58  Y. 
289.65  -  3.41  Y( 

281.15  -  3.17  *  Ye 
260.93  -  2.97  •'  Ye 
264.87  -  3.04  Ye 

294.72  -  3.46  Ye 
296.1  1  -  3.61  '■  Ye 


( Coni  i  lined  ) 


Pe rcent  V  (Continued) 


Position 

Type 

Rebar 

Stress 

kips 

Correlation 

Coefficient 

Regression  Equation 

Top 

OS 

0 

-0.71 

PCT 

-  =  246.35  -  2.64  -  Year 

Top 

OS 

20 

-0.86 

PCT 

-  =  304.80  -  3.60  -■  Year 

Top 

OS 

30 

-0.82 

PCT 

-  =  268.19  -  3.11  "  Year 

Top 

OS 

40 

-0.83 

PCT 

-  =  299.00  -  3.47  *  Year 

Top 

OS 

50 

-0.91 

Maximum 

PCT  -  V  =  375.29  -  4.88  *  Year 

Crack  Width 

Bottom 

A-305 

20 

0.80 

Max 

crack  width 

-0.0227  +  0.000565  -  Year 

Bottom 

A-305 

30 

0.70 

Max 

crack  width 

-0.0336  +  0.000827  Year 

Bottom 

A-305 

40 

0.95 

Max 

crack  width 

-0.1297  +  0.00247  *  Year 

Bottom 

A-305 

50 

0.72 

Max 

crack  width 

-1.28  +  0.0208  *  Year 

Bottom 

OS 

20 

0.80 

Max 

crack  width 

-0.0299  +  0.000711  *  Year 

Bottom 

OS 

30 

0.96 

Max 

crack  width 

-0.1084  +  0.00213  Year 

Bottom 

OS 

40 

0.97 

Max 

crack  width 

-0. 167  +  0.00315  *  Year 

Bottom 

OS 

50 

0.75 

Max 

crack  width 

-1.47  +  0.024  Year 

Top 

A-305 

20 

0.75 

Max 

crack  width 

-0.0370  +  0.000853  Year 

Top 

A-305 

30 

0.93 

Max 

crack  width 

-0.129  +  0.00236  Year 

Top 

A-305 

40 

0.96 

Max 

crack  width 

-0. 1562  +  0.00303  "  Year 

Top 

A-305 

50 

0.75 

Max 

crack  width 

-3.53  +  0.05  70  Year 

Top 

OS 

20 

0.91 

Max 

crack  width 

-0.0950  +  0.00177  Year 

Top 

OS 

30 

0.93 

Max 

crack  width 

-0.0862  +  0.00178  ''  Year 

Top 

OS 

40 

0.70 

Max 

crack  width 

-0.504  +  0.00845  Year 

Top 

OS 

50 

0.61 

( 

Max 

crack  width 

-0.766  +  0.013  Year 

m  m 

-m 

m 

